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A study of calcium and inorganic phosphorus in the blood of rabbits 
was undertaken by us as a phase of a more comprehensive investiga- 
tion of the problem of constitutional factors in relation to the occur- 
rence and course of disease, with especial reference to the influence of 
environmental  conditions (1).  In  extending  this  investigation  to 
chemical constituents of the blood, it seemed desirable to begin with 
substances which are supposed to maintain some kind of equilibrium 
and for which quantitative methods have been developed that would 
permit of a  systematic study in large series of animals or over long 
periods of time. 
Calcium and inorganic phosphorus appeared to meet these funda- 
mental requirements.  Moreover, the work of Grant and Gates  (2) 
indicated that the amounts of these substances in the blood of rabbits 
are subject to spontaneous (seasonal) variation, and hence, that they 
may be affected by environmental conditions--a supposition that is 
also supported by recent studies of rickets.  There was the additional 
possibility that a  relation might be found between the variations in 
calcium and inorganic phosphorus and the susceptibility of animals to 
disease, since organs concerned in regulating the concentration of these 
substances in the blood frequently show marked changes in the reac- 
tion to disease.  This is especially true of the two diseases (syphilis 
and malignant disease) which have been used as the basis of our study 
of the influence of constitutional factors. 
The experiments that have been carried out are divisible into two 
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groups: first,  those  dealing  with  conditions  that  obtain  in  normal 
rabbits,  and,  second,  those  concerned with  animals  inoculated with 
Treponema pallidum or a  malignant tumor.  The results obtained for 
normal  animals  will  be  reported  first.  The present  paper  will  be 
limited to a  consideration of mean normal values, and deviations from 
such  values  for  calcium  and  inorganic  phosphorus  in  the  blood  of 
rabbits as determined by repeated examinations of 4 groups of animals 
over  periods  of from  16  to  32  weeks.  In  subsequent  papers,  these 
basic  results  will  be  compared with  other  results  from the  point  of 
view of the various factors inherent in the  animal  material or  of  an 
environmental  (experimental)  nature  which  may  affect  the  calcium 
and inorganic phosphorus content of the blood in a given case. 
Material  and Methods. 
There were several  important considerations  which  governed  the conduct of 
these experiments.  In the first place, an effort was made to obtain a fair sample 
of the animal material  available for experimental  purposes, and the animals were 
caged and cared  for in  the usual  manner.  In the second place,  the period  of 
observation  and the interval  at which blood examinations  were  made were de- 
termined  with reference to other experiments,  while groups of animals were dis- 
tributed so as to cover as long a period of time as possible. 
The results  reported below  are  based  on examinations  of 4 groups  of male 
rabbits, most of which were 6 to 8 months old at the beginning of the experiments; 
a few were older, and a few others  may have been a month or 6 weeks younger. 
The period covered by the investigation was from October 8, 1926, to July 1, 1927, 
inclusive.  While under observation,  the animals were caged separately and kept 
in well lighted, well ventilated  rooms which were heated during the colder weather. 
The diet consisted of hay, oats and cabbage. 
Group 1.--10 rabbits,  5 white  and  5 black.  Between  October 8,  1926, and 
May 18,  1927, the blood of these  animals was examined  at weekly or biweekly 
intervals. 
Group 1I.--5 rabbits, gray, brown or black.  These animals came from the same 
stocks as those of Group I  and were placed under observation  at the same time, 
but no blood examinations were made until December  1, 1926, or until  they had 
been caged and under observation for approximately 2 months.  Blood analyses on 
these animals were made at somewhat irregular  intervals,  but, for the most part, 
they paraLleled those of Group I.  The period covered was from December 1, 1926, 
to j'une 8, 1927. 
Group III.~10  rabbits,  grays  and  browns.  These  animals  were  slightly 
younger than those of Groups I and II.  Biweekly examinations  were made from 
J'anuary 14 to July 1, 1927. 
Group IV.--ll rabbits,  browns  and grays.  Most of these  animals  were still WADE It.  BROWN  541 
younger than those of Group III.  From March 11 to May 13 examinations were 
made at weekly intervals  and biweekly  from May 13 to July 1, 1927. 
The observations  made on the 4 groups of rabbits may be summarized as follows: 
Group  Individual 
Group  Observation period  determinations  determinations 
I  Oct.  8 to May 18  22  216 
II  Dec.  1to June  8  17  85 
III  Jan.  14 to July  1  15  143 
IV  Mar. 11 to July  1  15  153 
Combined  Oct.  8 to July  1  69  597 
Determinations of calcium and inorganic phosphorus were made on the blood 
serum according to the methods of Kramer and Tisdall (3)  and of Tisdall (4) 
respectively. 
At first,  the procedure followed was somewhat irregular with respect to the 
disposition of  the blood after  it was  drawn and the  interval of  time between 
bleeding and analysis.  In some instances, the blood was permitted to stand at 
room temperature for several hours, or until there was a well defined separation 
of serum and clot, and then transferred to the ice box until the following morning 
when the analyses were made.  It thus happened that an interval of 12 to 18 hours 
elapsed between bleeding and analysis. 
After the first few weeks, however, a uniform procedure was adopted.  On the 
day preceding examination, animals were fed as usual in the afternoon and were 
bled early the following morning before they had received any additional food. 
8 cc. of blood was drawn from a  marginal ear vein into a  graduated centrifuge 
tube and permitted to clot at room temperature.  The clot was separated from 
the wall of the tube and as soon as sufficient serum was expressed,  the blood was 
centrifuged and analysis commenced at once.  The time between the bleeding and 
analysis  was  thus  reduced  to  1  to  2  hours,  and the use of  the  ice box was 
eliminated. 
In order to expedite the work, and as a precautionary measure in the case of 
syphilitic animals, the serum was measured with a 1 cc. tuberculin syringe gradu- 
ated to 0.01 cc. instead of a pipette.  The syringes were fitted with 18-20 gauge 
needles and their accuracy was  carefully  controlled.  As far  as  possible,  the 
work was so arranged that a given procedure was always performed by the same 
person; all  titrations and  all  colorimetric readings were  made  by  one person 
(Howard). 
The results given represent determinations of calcium and phosphorus on the 
same samples of blood.  Numerous determinations were made in duplicate to 
control the experimental error in the methods as carried out.  In such cases,  the 
mean value of the determinations was recorded and used as a single determination 
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calcium and  inorganic phosphorus was  approximately  0.2  rag. per  100  cc.  of 
serum, or about 1.25  per cent and 4.50  per cent of the respective mean values. 
In addition  to the primary  values for calcium and inorganic phosphorus, we 
have computed values for the sum and product of the two substances, the ratio of 
calcium to inorganic phosphorus, and of the product to the sum, and for the sum 
of these two ratios. 
The results are presented in the form of tabulated summaries (Tables 
I  to XV)  and  a  series of text-figures  (Text-figs.  1 to 7).  Values are 
given in Tables I  to XV for individual groups of animals and for the 
4  groups combined.  The  combined values do not  represent  means, 
but are obtained  by actual combination of all observations.  It will 
be noted that a few of the higher values given in the distribution tables 
are not recorded in the text-figures. 
RESULTS. 
As the purpose of this paper is to give a general idea of the calcium 
and  inorganic  phosphorus  content  of  rabbits'  blood,  under  certain 
prescribed  conditions,  it  seems unnecessary  to  record  the  details  of 
individual  examinations.  The  results are reported,  therefore,  in  the 
form  of tabulated  summaries  (Tables  I  to  XV)  supplemented  by a 
series of graphs (Text-figs. 1 to 7). 
Per  c¢ni 
4O 
~  {~,  Distribution 
/~/~'~  [\  g1"oup I  -- 
30  /'l./'~".~.  .  I  ---- 
/  '.  ,  m ....  ,/t  ., ..........  z~  ~4'  \\\',.  co~b~,~,~  ~ 
/ 
,0  /~  .~:, 
~",, 
'"\, 
11.0  1Z0  13.0  14D  1~.0  160  l't0  160  19.8  ?~0 
M~. per 100 cc. 
Trxx-Fr¢.  1. WADE  H. BROWN 
TABLE  I. 
Calcium. 
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Group 
I 
II 
III 
IV 
Number  of 
observations 
219 
85 
143 
154 
Mesh 
rag. tnrt  100 cc. 
15.34-0.06 
15.54-0.10 
15.74-0.07 
15.84-0.06 
Minimum 
mg. 
11.1 
12.6 
13.4 
13.8 
Msximum 
mg. 
21.2 
22.8 
19,7 
18.9 
Standard 
deviation 
mg. 
1.30 
1.38 
1.17 
1.12 
1.25 
Coefficient 
o! 
variation 
8.50 
8.~ 
7.45 
7.09 
Combined  601  15.64-0.03  11.1  22.8  8. O1 
TABLE  II. 
Distribution of Values/or Calcium. 
Mg.  per  I00  cc.  Group  I  Group  II  Group  III  Group  IV  Combined 
11,0--11,4 
11.5-11,9 
12.0--12.4 
12.5-12.9 
13.0-13.4 
13.5-13.9 
14.0-14.4 
14.5-14.9 
15.0-15.4 
15,5-15.9 
16.0-16.4 
16.5-16.9 
17.0-17.4 
17,5-17.9 
18.0-18.4 
18, 5-18.9 
19.0-19.4 
19.5-19.9 
20.0-20.4 
20.5-20.9 
21.0-21.4 
21.5-21.9 
22.0-22.4 
22.5-22.9 
6 
10 
12 
18 
24 
40 
41 
35 
12 
10 
4 
2 
2 
2 
1 
3 
7 
13 
25 
7 
9 
8 
5 
2 
1 
1 
2 
5 
ii 
17 
32 
22 
21 
12 
7 
11 
i 
17 
21 
28 
20 
25 
15 
12 
8 
13 
21 
53 
75 
125 
90 
90 
47 
34 
24 
9 
7 
1  1 
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TABLE  III. 
Inorganic Phosphorus. 
Group 
I 
II 
III 
IV 
Number of 
observations  Mean 
rag. pm 100 ¢¢. 
216  4.25-4-0.03 
85  4.114-0.04 
143  4.674-0.O4 
153  4.964-0.04 
597  4. 514-0.02 
Minimum 
rag. 
2.60 
2.95 
2.64 
3.59 
Maximum 
mg. 
6.74 
5.77 
6.76 
7.50 
Standard 
deviation 
mg. 
0.68 
0.51 
0.75 
0.80 
0.78 
Coefficient 
of 
variation 
16.00 
12.41 
16.06 
16.13 
Combined  2.60  7.50  17.29 
TABLE  IV. 
Distribution  of Values for Inorganic  Phosphorus. 
Mg. per 100 cc.  Group I  Group II  Group III  Group IV  Combined 
1  2.50-2.74 
2.75-2.99 
3.00-3.24 
3.25-3.49 
3.50-3.74 
3.75-3.99 
4.00-4.24 
4.25-4.49 
4.50--4.74 
4.75-4.99 
5.00-5.24 
5.25-5.49 
5.50-5.74 
5.75-5.99 
6.00--6.24 
6.25-6.49 
6.50-6.74 
6.75-6.99 
7.00-7.24 
7.25-7.49 
7.50-7.74 
2 
1 
7 
15 
18 
37 
33 
27 
27 
16 
15 
9 
4 
3 
8 
13 
15 
17 
13 
9 
3 
4 
1 
2 
5 
10 
7 
11 
18 
29 
16 
13 
12 
6 
4" 
8 
5 
8 
17 
16 
25 
10 
22 
14 
11 
4 
8 
7 
3 
1 
1 
3 
2 
9 
28 
46 
67 
78 
74 
90 
45 
54 
36 
21 
12 
16 
8 
4 
2 
1 
1  1 
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TABLE  V. 
Sum of Calcium and Inorganic Phosphorus. 
Group 
I 
II 
III 
IV 
Number of 
observations 
216 
85 
143 
153 
Mean 
19.6+0.06 
19.74-0.11 
20.44-0.06 
20.84-0.06 
Minimum 
15.51 
16.40 
17.50 
18.30 
Maximum 
25.81 
27.50 
23.90 
23.60 
Standard 
deviation 
1.31 
1.53 
1.11 
1.01 
Coefficient 
of 
variation 
po c~t 
7.77 
5.~ 
4.86 
Combined  597  20.1-4-0.04  15.51  27.50  1.29  6.42 
TABLE  VI. 
Distribution of Values  for the Sum of Calcium and Inorganic Phosphorus. 
Sum values  Group I  Group II  Group III  Group IV  Combined 
15,5-15.9 
16,0-16.4 
16,5-16.9 
17.0-17.4 
17.5-17.9 
18.0-18.4 
18.5-18.9 
19.0-19.4 
19.5-19.9 
20.0-20.4 
20.5-20.9 
21.0-21.4 
21.5-21.9 
22.0-22.4 
22.5-22.9 
23.0-23.4 
23.5-23.9 
24.0-24.4 
25.5-25.9 
27.5-27.9 
1 
1 
2 
4 
14 
14 
24 
40 
34 
32 
23 
11 
7 
5 
3 
1 
2 
1 
3 
7 
11 
18 
8 
13 
8 
4 
6 
1 
1 
5 
16 
31 
29 
25 
12 
11 
5 
2 
1 
3 
2 
5 
6 
15 
29 
32 
23 
21 
10 
7 
2 
1 
1 
2 
4 
5 
20 
23 
45 
80 
88 
103 
88 
50 
45 
21 
13 
3 
4 
1 
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TABLE  VII. 
Product of Calcium and Inorganic Phosphorus. 
Group 
I 
II 
III 
IV 
Number of 
observations 
216 
85 
143 
153 
Mean 
65.34-0.5 
64.0-4-0.8 
73.0-4-0.6 
78.1+0.6 
Minimum 
40.3 
43.5 
45.2 
55.9 
Maximum 
99.8 
108.1 
107.9 
113.9 
Standard 
deviation 
10.4 
10.6 
10.8 
10.8 
12.0 
Coefficient 
of 
variation 
15.93 
16.56 
14.79 
13.83 
Combined  597  70.2 =k0.3  40.3  113.9  17.09 
TABLE  VIII. 
Distribution of Values for the Product of Calcium and Inorganic Phosphorus. 
Product  values  Group I  Group  II  Group  III  Group  IV  Combined 
3  4(}-44 
45- 49 
50-  54 
55-  59 
60-64 
65-  69 
70-  74 
75-  79 
80- 84 
85-  89 
90- 94 
95- 99 
100-104 
105-109 
110-114 
Observations 
3 
10 
20 
38 
37 
44 
31 
15 
8 
5 
2 
3 
216 
13 
19 
15 
15 
8 
6 
3 
2 
85 
2 
6 
10 
11 
22 
35 
22 
21 
7 
3 
1 
2 
1 
143 
4 
11 
20 
26 
30 
22 
18 
11 
7 
2 
1 
1 
153 
6 
12 
39 
71 
74 
101 
100 
73 
54 
32 
16 
ii 
4 
3 
I 
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TABLE  IX. 
•  Ratio of Calcium to Inorganic Phosphorus. 
Group 
I 
II 
III 
IV 
Number of 
observations 
216 
85 
143 
153 
Mean 
3.704-0.03 
3.83+0.04 
3.47-4-0.04 
3.30:t:0.04 
Minimum 
2.16 
2.66 
2.19 
2.03 
Maximum 
6.37 
5.00 
6.48 
4.71 
Standard 
deviation 
O. 73 
0.53 
0.74 
0.65 
Coef~cient 
of 
variation 
19.73 
13.84 
21.33 
19.70 
Combined  597  3.57-4-0.02  2.03  6.48  20.17 
TABLE X. 
Distribution  of Values for the Ratio of Calcium to Inorganic Phosphorus. 
Ratio values  Group I  Group II  Group III  Group IV  Combined 
2.00-2.24 
2.25-2.49 
2.50-2.74 
2.75-2.99 
3.00-3.24 
3.25-3.49 
3.50--3.74 
3.75-3.99 
4.00-4.24 
4.25-4.49 
4.50-4.74 
4.75--4.99 
5.00-5.24 
5.25-5.49 
5.50-5.74 
5.75-5.99 
6.00-6.24 
6.25-6.49 
2 
5 
15 
21 
23 
24 
22 
25 
26 
21 
17 
8 
3 
3 
1 
2 
7 
14 
11 
19 
13 
8 
3 
6 
1 
1 
7 
16 
14 
21 
26 
18 
9 
7 
8 
8 
5 
6 
16 
11 
25 
23 
9 
23 
15 
16 
1 
8 
9 
28 
43 
62 
74 
73 
74 
68 
62 
38 
36 
19 
4 
4 
1 
1  1  2 
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TABLE  XI. 
Ratio of Product to the Sum of Calcium and Inorganic Pkospkorus. 
Group 
I 
II 
III 
IV 
Number of 
observations 
216 
85 
143 
153 
Mean 
3.32~0.02 
3.24:t:0.02 
3.58±0.02 
3.75:k0.02 
Minimum 
2.25 
2.46 
2.29 
2.96 
Ma~dmum 
4.63 
4.19 
4.68 
5.02 
Standard 
deviation 
0.39 
0.33 
0.40 
0.42 
0.44 
Coefficient 
of 
variation 
11.75 
10.19 
11.17 
11.20 
12.68  Combined  597  3.47 -4-0. O1  2.25  5.02 
TABLE  XII. 
Distribution of Values for tke Ratio of the Product to the Sum of Calcium and 
Inorganic Phosphorus. 
Ratio values  Group I  Group II  Group HI  Group IV  Combined 
2.25-2.49 
2.50-2.74 
2.75-2.99 
3.00-3.24 
3.25-3.49 
3.50-3.74 
3.75-3.99 
4.00--4.24 
4.25--4.49 
4.50-4.74 
4.75--4.99 
5.00-5.24 
3 
13 
24 
54 
58 
31 
22 
8 
2 
1 
1 
4 
17 
27 
18 
11 
5 
2 
1 
3 
12 
11 
31 
40 
21 
16 
6 
2 
3 
16 
27 
33 
31 
21 
15 
5 
1 
1 
5 
20 
56 
108 
134 
115 
79 
47 
23 
8 
1 
1 
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TABLE  XIII. 
Sum of the Ratios of Calcium to Inorganic Ptwspl~rus and of the Product 
to the Sum. 
Group 
I 
II 
III 
IV 
Combined 
Number of 
observations 
216 
85 
143 
153 
597 
Mean 
7.02-4-0.02 
7.07-4-0.03 
7.05~0.02 
7.05+0.02 
7.04zk0.01 
Minimum 
5.68 
6.11 
6.32 
6.49 
5.68 
Maximum 
8.62 
8.74 
8.77 
7.85 
8.77 
Standard 
deviation 
0.45 
0.41 
0.41 
0.33 
0.40 
Coe~clent 
of 
variation 
6.41 
5.80 
5.82 
4.68 
5.68 
TABLE  XIV. 
Distribution of Values for the Sum of the Ratios of Calcium to 
Inorganic Pkospkorus and of the Product to the Sum of tke 
Two Substances. 
Sum values 
5.50-5.74 
5.75-5.99 
6.00-6.24 
6.25-6.49 
6.5O--6.74 
6.75-6.99 
7.00-7.24 
7.25-7.49 
7.50-7.74 
7.75-7.99 
8.00-8.24 
8.25-8.49 
8.50-8.74 
8.75-8.99 
Group I 
1 
1 
10 
15 
32 
40 
54 
31 
20 
8 
2 
1 
1 
Group II 
12 
26 
20 
13 
7 
4 
Group HI 
7 
29 
44 
21 
20 
15 
3 
2 
1 
Group IV 
2 
32 
52 
25 
20 
18 
4 
1 
Observations  [216  [85  [,  143  153  597 
Combined 
1 
1 
12 
24 
105 
162 
121 
83 
60 
19 
4 
2 
2 
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TABLE  XV. 
Summary of Results. 
e~ 
I 
II 
III 
IV 
Combined 
wks. 
10  216  32 
5  85  27 
10  143  25 
11  153  16 
36  597  37.5 
rag. pro"  rag. per 
I00 co..  100 ¢¢. 
15.3  4.25 
15.5  4.11 
15.7  4.67 
15.8  4.96 
15.6 [ 4.51 
o  ~ 
I 
19.6  65.3  3.70  3.32  7.02 
19.7  64.0  3.83  3.24  7.07 
20.4  73.0  3.47  3.58  7.05 
20.8  78.1  3.30  3.75  7.05 
20.1  70.2  3.57  3.47  7.04 
DISCr:SSlO~ AND CONCL~rSmNS. 
It will be seen at once that the mean values obtained for calcium are 
higher than most of those recordedin the literature, and that the values 
for inorganic phosphorus are perhaps lower.  It is well to bear in mind, 
however, that the significance that may be attached  to any series of 
determinations  of calcium and inorganic  phosphorus in the blood of 
animals  depends largely upon the conditions under which the deter- 
minations  are made.  As is well known,  there are many factors that 
may affect the values obtained,  including  inherent  differences in the 
animal material and the method of analysis used as well as the particu- 
lar procedure employed in carrying  out a  given method.  When  all 
other conditions are uniform, irregularities in the handling of the blood 
after it is drawn will give rise to surprisingly large differences in the 
results for both calcium and inorganic phosphorus, as permitting blood 
to  stand  tends to  decrease calcium  values and  to increase  those for 
inorganic phosphorus. 
It seems desirable,  therefore, to emphasize the fact that the results 
recorded  above  are  to  be viewed as  results  obtained  under  certain 
definitely  prescribed  conditions  which  differ  in  several  important 
respects from those governing determinations made by other workers 
in this field.  Moreover, it is to be noted that  the conditions varied 
to some extent with each of the 4  groups of animals  comprising this WADE  H.  BROWN  557 
series.  For example, there was a  small but definite age difference. 
The animals of Groups I and II were older and more mature than those 
of Groups III and IV at the beginning of the experiments, and this 
initial difference was increased by the extension of the experiments on 
Groups I and II over a longer period of time, so that the observations 
made on these animals not only included data for a more advanced 
age, but represented a mean age considerably above that of the obser- 
vations made on the animals of Groups III and IV.  There was a 
similar difference of experimental conditions between Groups III and 
IV, while the observations on Group II differed from those on Group I 
in that no blood analyses were made on the animals of Group II for 
2 months after they were placed under observation. 
These particular features of the experiments are mentioned because 
an examination of the text-figures will show that a  line of cleavage 
between Groups I  and II on the one hand, and HI and IV on the 
other, is traceable through all of the distribution curves and to some 
extent in  the tabulated results.  With the  combined values as the 
axis of distribution,  Groups I  and II invariably hang together, or 
swing to one side, while Groups III and IV swing to the other.  More- 
over,  the extreme positions  are usually  represented by  Groups  II 
and IV. 
Whether these peculiarities of the results are in reality attributable 
to the conditions mentioned or to some other cause, such as the length 
of cage life (2), or the particular period covered by the observations, 
the suggested relation is suffident to indicate the extent to which even 
slight differences in experimental conditions may  affect  the  results 
obtained for blood calcium and inorganic phosphorus. 
The values obtained for calcium may be  regarded  as  showing  a 
fairly close agreement (Tables I and II and Text-fig. 1).  The extreme 
difference between the means for the 4  groups of animals is only 0.5 
rag.  or approximately 3.00 per cent of the mean for the  combined 
groups.  Still,  the small absolute difference between the  means  for 
Groups I and IV is nearly 6 times its probable error and, hence, cannot 
be disregarded. 
The most important feature of these results is, however, the range 
of normal variation.  The distribution curves  (Text-fig.  1)  show a 
remarkably close agreement in the frequency with which values of a $58  CALCIUM AND INORGANIC PHOSPHORUS  IN BLOOD.  I 
given magnitude occurred and an unusually symmetrical distribution 
of all  values.  The  coefficients of variation are comparatively small 
(7.09 to 8.9 per cent), but values anywhere between 14.0 and 16.0 rag. 
of calcium per 100 cc. of serum occurred with great frequency, while 
figures as low as 13.5 or as high as 17.5 rag.  (Table II)  were by no 
means rare; and the extreme limits of observation indicate a potential 
difference in the calcium content of the blood of normal rabbits of as 
much as 100 per cent. 
Inorganic phosphorus was found to be subject to much wider varia- 
tion than calcium (Tables III and IV and Text-fig. 2).  The coefficient 
of variation is approximately twice that for calcium (17.29  and 8.01 
respectively), while the group means for phosphorus show a difference 
of 0.85 rag. per 100 cc. of serum.  This difference is small in absolute 
value, but is nearly 20.0 per cent of the mean for all groups and is 15 
times its  probable  error.  It  is  safe to  assume,  therefore, that  the 
values obtained indicate an actual difference in the inorganic phospho- 
rus in the blood of the several groups of animals. 
This conclusion is borne out by the distribution frequeucies (Table 
IV and Text-fig. 2)  which show that the values obtained for Groups 
I  and II lie at a distinctly lower level than those for Groups III and 
IV; the difference between modal classes is, in fact, of the same order 
as that shown by the means. 
The  limits  of probable  variation  as  determined by  the  standard 
deviation of the combined results are 3.73 and 5.29 rag. per 100 cc. of 
serum, but one-third of all values lie outside of these limits, while the 
extreme limits of normal are sufficiently wide to include values that 
may differ by as much as 200.0 or even 300.0 per cent. 
From the values obtained for calcium and inorganic phosphorus, the 
relation existing between the two substances may be measured in a 
number of ways.  The ratio of the calcium to the phosphorus and the 
product  of  the  amounts  of  the  two  substances  have  received the 
greatest attention.  In addition to these values, we have computed 
values for the sum and for the ratio of the product to the sum, and also 
for the sum of the calcium-phophorus ratio and the product-sum ratio. 
The value for the sum of the calcium and inorganic phosphorus in 
the serum is determined largely by the calcium, but as it is also affected 
by the phosphorus, one might expect that the constancy of the value WAD~  1:.  BgOWN  559 
as  compared with that  of calcium would be  diminished unless the 
variations in the two substances were so related as to neutralize each 
other.  As is well known, there is an apparent tendency in this direc- 
tion and in these experiments it was found that on the whole the values 
for the sum showed less variation (coefficients 6.42 and 8.01 per cent) 
and were more uniformly distributed than those for calcium (Tables 
V and VI and Text-fig. 3).  It is true that differences between groups 
were distinctly greater than in the case of calcium, but the agreement 
is sufficiently close to give evidence of a tendency to the maintenance 
of an inverse relation between serum calcium  and inorganic phosphorus. 
Values for the product of calcium and inorganic phosphorus empha- 
size the phosphorus factor rather than the calcium, reversing the con- 
ditions that obtain in the case of the sum.  A consideration of the 
product values given in Tables VII and VIII and Text-fig. 4 show that, 
while the order of variation is essentially the same as that of inorganic 
phosphorus  (coefficients  17.09 and 17.29 per cent respectively), the 
distribution of values is more uniform.  This  may be  attributable 
to the occurrence of coordinate variations in calcium and inorganic 
phosphorus. 
The  situation presented by the  values obtained for the  ratio  of 
calcium to inorganic phosphorus is somewhat surprising in that the 
ratio between the two substances proves to be less constant than the 
absolute amounts of either substance (Tables IX  and  X  and Text- 
fig.  5).  There  are  considerable  differences between  the  standard 
values for individual groups of animals, and the distribution frequen- 
cies are inclined to be irregular.  Moreover, all groups show a large 
standard deviation and correspondingly high coefficients of variation, 
but combining the results for the 4  groups of animals gives a  fairly 
uniform and symmetrical distribution, a  striking feature of which is 
the high frequency with which values occur over the entire range of 
standard variation, that is, from ratios of 2.85 to 4.29. 
It thus appears that, despite the evidence of a  tendency to the ob- 
servance of  an inverse  relation between the  calcium and inorganic 
phosphorus in  the  blood,  the ratio of one  substance to the  other is 
by no means constant. 
By using the product and the sum as a basis of expressing the relation 
between calcium and inorganic phosphorus, the form of the relation is 560  CALCIUM  AND  12~'ORGAIhTIC PHOSPHORUS  IN  BLOOD.  I 
reversed, that is, an increase in calcium or a reduction in phosphorus 
diminishes the ratio value, whereas under the same circumstances, the 
direct ratio  of calcium to  phosphorus  is  increased.  Objection may 
be made to this method of treatment, but the fact remains that by 
compounding the terms of the ratio in this manner, some interesting 
points are brought out (Tables XI and XII and Text-fig. 6). 
In the first place, the mean values for the two ratios are of a com- 
parable order, but the values obtained for the product-sum ratio of 
different groups of animals  show a  closer agreement than  those for 
the calcium-phosphorus ratio.  Moreover, the distribution of  values 
is comparatively uniform throughout, while the variability of individ- 
ual groups and of the series as a whole is less than two-thirds of that 
found for the calcium-phosphorus ratio. 
Finally,  known  differences in  the  experimental conditions  repre- 
sented by the 4 groups of animals are expressed with remarkable clarity 
(Text-fig. 6) by this treatment of ratio values which suggests that the 
method may be used to advantage in the analysis of results of this 
kind. 
By  comparing  the  group  values  for  the  calcium-phosphorus and 
product-sum ratios, it will be seen that they are not only of a  compa- 
rable order of magnitude (3.57 and 3.47  for the combined groups), but 
that ~ high value of one tends to be associated with a correspondingly 
low value of the other, so that the mean of the two ratios remains fairly 
constant at about 3.50, or their sum is approximately 7.00 (Tables XIII 
and XIV and Text-fig. 7). 
The constancy of this relation does not hold for individual observa- 
tions or for all classes of animals or experimental  conditions.  With 
grouped material, the absolute value of the sum or mean of the two 
ratios may increase or decrease, just as other values do, but tends to 
preserve a greater degree of constancy under a given set of conditions 
and appears to be less affected by slight changes in experimental con- 
ditions  or  by  experimental  errors.  It  is  not  certain  whether  the 
constancy of this value is due entirely to weighting, or the compound- 
ing of terms, or is indicative of the maintenance of a relation between 
calcium and inorganic phosphorus which is expressed in the mainte- 
nance of an equilibrium between the two ratios. 
The values for calcium and inorganic phosphorus, as recorded above, WAgF. H.  ~ROWN  561 
may  be  regarded  as  a  cross-section  of results  obtained  from  a  fair 
sample  of laboratory  material,  and  in  this  sense,  may  be  used  as 
standards  of  comparison  in  estimating  the  probable  significance  of 
other determinations.  It has been clearly shown, however, that even 
slight  differences in experimental  conditions are apt to be reflected in 
the  results  obtained.  It is  evident,  therefore,  that  as experimental 
conditions  are  changed,  corresponding  differences in  results  may be 
expected. 
It has also been shown that  neither the calcium nor the  inorganic 
phosphorus of rabbits' blood can be regarded as constant.  As is well 
known, inorganic phosphorus is the more labile of the two substances 
and is subject to much greater variation than calcium, but the upper 
and lower limits of both are far apart.  In fact, the range of so called 
normal variation,  or even the range of high frequency variation,  is in 
all probability sufficiently wide to include many variations that occur 
under  pathological  as well  as physiological  conditions. 
S~JM~AR¥. 
Determinations of calcium and inorganic phosphorus were made on 
the blood of 4 groups of normal rabbits at intervals of I to 2 weeks over 
periods of 4 to 8 months.  From the data thus obtained, values were 
calculated  for  calcium  and  inorganic  phosphorus,  and  for  various 
relations between the two substances. 
It was found that  both calcium  and inorganic  phosphorus  showed 
wide ranges of variation with a tendency to vary in an inverse direction. 
Still, the relation between the two substances, as expressed by a direct 
ratio or by the product of the two substances, was less constant than 
the  absolute  amounts  of  either  caicium  or  inorganic  phosphorus. 
The ratio of the product to the sum of the two substances was more 
constant,  and this ratio varied inversely with the ratio of calcium to 
inorganic phosphorus,  so that the mean or the sum of the two values 
varied  comparatively  little  under  a  given  set  of  experimental 
conditions. 
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